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When designing TRV decay experiments: QCD-like interactions generate antisymmetry
Harvey, Hill, Hill, PRL 2007; Gardner, He PRD 2013:
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e What underlying physics generates the TRV* QCD Weak decay E&M

e How big are the ‘final state effects’? l { l
e Is anyone else doing it better? L = =3 6V corvprpy mperv,puLF,

Myucleon \/§
e How strong are the contraints from null EDM’s?
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Interference with S.M. 3 decay ‘vector current’ Atom Trap
Our TRV observable needs 3 uncorrelated momenta: makes the scalar triple product we seek ©: Sa(,tol,\?e‘?,‘?mu,\,,,:
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We routinely measure o — Precoil * P3 X Py Needs QCD-like physms, scale M ~ 10’s of MeV ‘world’s largest’
p, = —PB precml — 4 Precoil * P3 X P~ e This TRV scales with p2 = — SSSREI) S Biars ;’52'.?29_9"5 itg

LEBT Mass Separator

~107 larger in 3’K decay than neutron dissociation
37K 8x107/s TiC target 70 pA

e Direct constraint from n — p 3v~ branch « |cs/? 17500 protons
Bales PRL 2016: 3.4 4+ 0.2 x10—3 (theory 3.1 x 1073) 92Rb 6x108/s UC, target

— Imnfl‘z’*i) < 8MeV—2= 3K TRV asym can be ~ 1 @

E. spectrum is distinctive ©
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Coincident pairs test o _ | 50000 Y R
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o Not exact: don't fllp zp, o . Outgomg particles interact by E&M — o} | T E,(Q — E,)” Bernard PLB 2004 30000 RS- | |
‘final-state’ TRV asym < 10— for 37K @ (Gardner,He 2013) 0 1' _ 5 [ij] 4 5 We are concentrating on E, > 511 keV, 212222 Left 3 e H { vy _
e Would be unique to 1st generation, complementary to oroe L1 with the 37 in the opposite detector e L Nt
K~ — w’e ey INR Moscow 2007, Argy = —0.015 £ 0.021 Constraint from neutron EDM on TRV Bv~ oo tion=t Top g [us] 3 0- ASeysTIvs
| _ Though p,, - ps x p, doesn’t involve spin, EDM’s indirectly constrain: 250 = 9% |
Parity broken, why not Time? Some TRV ~3v make neutron EDM at 200 < 00 l = |
i poree || )] s o Immedliately after Parity was seen to be totally 'nteractions, e.g. - “1-loop” qrder “Naive Dimensional T zz 5 ns FWH fj) _O’g'O A
s % (13 broken in 3 decay (‘v left-handed’) o omerap e an (D MekKeen, private comm) Anal n:;:,;s MOT + ‘COLTRIMS’ o, .ctpmens . Ey BGO2 & Top Scin & lor
Wu, Ambler, Hayward, Hopper, Hobson, (2013) Y Cs- Gﬂgmz o C.) - Sensitivity to
. PR 105 (1 957) 1413 y Suggests nEDM t [ns/ch] BGOZ2-Botp S 2 O/Q IBV’Y branCh
e aemen e 1 Many T-odd observables were proposed: Y P W larger than Asym of bkg Is tricky
oIS o o ngSHlAINNGE_" PHYSICAL REVIEW VOLUME 106, NUMBER 3 experiment BGO — GAGG (Ce:Gd3A|2Ga3O12)
T Possible Tests of Time Reversal Invariance in Beta Decay N D N by ~ 108 e better E, resolution and timing, p= 6.6 g/cm?
L - pi SR o G B Dy S B WB n p y ' e Good photopeak efficiency e not radioactive like LYSO
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TTTTTTTTTTTTT SR 0 —» TRV Bu~ from such interactions likely too tiny to measure o Rb decay.. no vector current, constralns: Ps_eudoscalar TRV?
Observables with spin DJ - pﬂ X p” RO‘g J X pz e Other interactions (e.g. leptoquarks) need “2 loops™ so e Plan: simple geometry has sensitivity to
are consistent with TRV asymmetrles < 0.001 generate comparatively tiny nEDIM so are less constrained, ~ 9-10% TRV asymmetry In 3K or 38mK

Our observable could still be bigger @ could generate TRV 3v large enough to measure © That result could motivate a dedicated geometry




